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The present invention relates to electromagnetic wave 
radiators for use particularly but not exclusively in radar 
systems. 

Radar systems operating at very short wavelengths, 
for example 3 cms, suffer from a disadvantage that 
target indications are sometimes obscured by unwanted 
indications caused by reflections from rain. 
To overcome this disadvantage it has been proposed 

to provide a radar system in which the radiated waves 
are approximately circularly polarised. The polarisa 
tion of such waves reflected from rain is substantially 
unaltered whereas the polarisation of such waves re 
flected from targets such as aircraft is markedly elliptical. 
At a receiver in the system means are provided for dis 
criminating against the circularly polarised reflected 
WaWeS. 
One object of the present invention is to provide an 

improved electromagnetic wave radiator whereby approxi 
mately circularly polarised waves can be radiated. 

According to the present invention an electromagnetic 
wave radiator for radiating approximately circularly 
polarised waves, comprises a horn of electrically con 
ducting material and of rectangular cross section, and 
means whereby there can be fed into the throat of the 
horn in effect two orthogonal plane polarised waves of 
like wavelength A, the waves being polarised in direc 
tions substantially parallel and perpendicular respectively 
to one edge of the throat of the horn, the throat and 
mouth of the horn being of different rectangular shapes 
and the dimensions of the horn being related to A in 
such a manner that, in operation, one of the waves in 
travelling from the throat to the mouth of the horn is 
delayed by approximately nM/4 relatively to the other 
wave where n is an odd integer. Thus at the mouth of 
the horn the waves are approximately in phase quadra 
ture with one another and hence an approximately circu 
larly polarised wave is produced. 

In a preferred form of the invention the throat of the 
horn is of square shape, and the smaller dimension of 
the mouth of the horn is equal to the length of one edge 
of the throat. 
The invention will now be described, by way of exam 

ple, with reference to the accompanying drawings, in 
which 

Fig. 1 shows a horn radiator whereby approximately 
circularly polarised electromagnetic waves can be radi 
ated, 

Fig. 2 shows an assembly of a horn radiator as shown 
in Fig. 1 together with means for feeding electromagnetic 
waves into the horn, and 

Figs. 3a, 3b, 4, 5 and 6 show alternative arrange 
ments respectively of a part shown in Fig. 2. 

Referring to Fig. 1, this shows a horn radiator 10 of 
rectangular cross-section. The horn may conveniently 
be of copper. The throat of the horn is of square cross 
section each edge of the throat having the length a, and 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

2 
the mouth of the horn is of rectangular cross-section 
one dimension being a and the other s which is greater 
than a. Thus the horn is flared in only one dimension. 
Any suitable means may be provided for feeding into 
the throat of the horn two orthogonal, plane polarised 
waves of like wavelength. A, one of the waves being 
polarised in a direction parallel to the upper and lower 
edges (in the drawing) of the throat as shown by the 
vector E, and the other wave being polarised in a direc 
tion parallel to the vertical edges of the throat as shown 
by the vector E. The half-angle of the flare is 0o. 

It can be shown that if 

the radiation from the horn along the line of maximum 
gain is substantially circularly polarised. 

In Equationi 
n is an integer 
p1 is such that cos p1=A/2a 
gba is such that cos pa=A/2s 
f(qb1, ba) = (p1-gba)-(singb1-sin (b)/cos gba 
g(p1, gp2) =9 coSec p1(cos bi-cos pa) 

-cot 8 pa(2-3 sec (ba)--cot p1(2-3 sec () 
In one example for use with waves of a wavelength 

of 3.2 cms. a=1 inch, s-c6 inches and the length of 
the horn is 11.3 inches. A horn of these dimensions 
when used at a wavelength of 3.2 cms. produces a rela 
tive delay between the two waves of 7M/4. 

For the purpose of feeding into the throat of the horn 
two orthogonal plane polarised waves polarised as shown 
by the vectors E and E, a number of alternative are 
rangements have been devised, each having the general 
form shown in Fig. 2. 

In Fig. 2 the horn 10 is connected to a waveguide 11 
of rectangular cross-section through three sections of 
waveguide 12, 13 and 14 respectively. The centre sec 
tion 13 is of circular cross-section and one end of the 
section 14 square and is fitted to the throat of the horn 
and the other end is circular and is fitted to one end 
of the circular section 13. One end of the section 12 
is circular and is fitted to the other end of the section 
13. The other end of the section 12 is rectangular and 
is fitted to the waveguide 11. 

In one arrangement having the general form shown 
in Fig. 2 the section 13 of waveguide of circular cross 
section is fed from the waveguide 11 with a plane polar 
ised wave in the H mode. The angular position of 
the waveguide 1 about its longitudinal axis is made 
such that the wave emerging from the section 13 and 
passing through the section 14 into the throat of the 
horn 10 is polarised with its E vector at 45 to the edges 
of the throat of the horn. This wave is resolved at the 
throat of the horn into the two waves required. 

In another arrangement the section 13 of waveguide 
contains a phase shifter by means of which two H 
waves polarised at right angles to one another are pro 
duced. The two waves combine at the output end of 
the phase shifter to provide a wave polarised with its 
E vector at 45 to the edges of the throat of the horn. 
The wave is resolved at the throat of the horn into the 
two waves required. 
The phase shifter can take various forms of which 

examples are shown in Figs. 3, 4 and 5 respectively. 
In Fig. 3 (a) the section 13 of waveguide contains a 

strip 15 of dielectric material. The two ends of the 
strip are tapered as shown for impedance matching. 
Referring to Fig. 3(b) this shows the orientation of the 
plane of the strip 15 relatively to the rectangular wave 
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guide 11 and the throat of the horn. The angle between 
the plane of the strip 15 and the shorter sides of the 
waveguide 11 is made 22% and the wave in the rec 
tangular section is arranged to be in the Hol mode. On 
entering the circular section 13 the wave changes to the 
H11 mode and is split into two H-11 waves whose E 
vectors are respectively parallel and perpendicular to 
the plane of the strip 15. The length of the strip 15 is 
chosen to be such that the wave whose E vector is par 
allel to the plane of the strip is delayed A/2 relatively to 
the other wave. The two waves combine at the horn 
end of the section 13 and produce the plane polarised 
wave rotated through 45. 

In Fig. 4 there is shown an alternative to the arrange 
ment of Fig. 3. In Fig. 4 two metal fins 16 and 17 
are used, the cut-away portions at the ends of the fins 
providing A/4 transformers for impedance matching pur 
poses. The orientation of the plane of the fins is made 
the same as the dielectric strip 15 shown in Fig. 3(b). 
Yet another arrangement is shown in Fig. 5 in which 

the dielectric strip of Fig. 3 is replaced by a metal 
plug 18. 
The use of the dielectric strip 15, the fins 16, 17 and 

the plug 18 can be avoided if the central region of the 
section 13 is made of elliptical cross-section. This can 
be achieved by means of a section of waveguide of circu 
lar cross-section provided with a clamp whereby the 
central region of the section can be squeezed into approxi 
mately elliptical shape. Referring to Fig. 6, this shows 
the orientation of the elliptical region relatively to the 
rectangular waveguide and the throat of the horn. The 
major axis of the ellipse is arranged to be at 22% to 
the shorter sides of the waveguide 11. In practice the 
clamp is adjusted for optimum conditions. 

In any arrangement according to the invention circu 
larly polarised waves can be generated only along the 
line of maximum gain of the horn. To obtain circular 
polarisation along the line of maximum gain the ampli 
tudes of the two waves fed into the throat of the horn 
must be exactly equal and one must be delayed rela 
tively to the other by exactly na/4 where n is an odd 
integer. If the amplitudes are unequal or if the delay 
is not precisely nM/4 the radiated wave is elliptically 
polarised. It has been found, however, that a slightly 
elliptically polarised wave is more suitable for discrimi 
nating against rain than a truly circularly polarised wave. 
In practice an operator views an indicator and adjusts 
the ellipticity for maximum discrimination against rain. 

In operation the use of approximately circularly polar 
ised waves for discriminating against rain leads to losses 
and a substantial weakening of the wanted indications. 
It is desirable therefore that the system should be read 
ily adjustable to enable either approximately circularly 
polarised waves or plane polarised waves to be used. 
The circularly polarised waves need then be used only 
when rain is present and at all other times plane polar 
ised waves may be used. 
Any of the foregoing arrangements may readily be 

adapted for this purpose. In the first described arrange 
ment the waveguide 11 may be made rotatable about 
its longitudinal axis between a first position in which 
plane polarised waves are radiated and a second position 
in which approximately circularly polarised waves are 
radiated. When in the first position the broader walls 
of the waveguide 11 are parallel to the broader walls of 
the horn. 

In the arrangements described with reference to Figs. 
3(a) and 3(b) and Fig. 4, the section 13 of waveguide 
is arranged to be rotatable from the position described 
to a second position in which the strip 15 or the fins 
16 and 17 as the case may be are parallel or perpen 
dicular to the narrower walls of the waveguide 11. 

Likewise in the arrangements described with reference 
to Figs. 5 and 6 the section 13 of waveguide is made 
rotatable between two appropriate positions. 
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4. 
Rotation of the waveguide 11 or the section 13 can 

be effected by remote control in any suitable manner. 
For example the section 13 may be mounted in ball 
bearings and a spring and stop member may be provided 
which normally position the section 13 to an angular 
setting in which plane polarised waves are radiated. A 
lever may have one end attached to the section 13 and 
the other to the armature of a solenoid. When the 
solenoid is energised it can be arranged that movement 
of the armature of the solenoid and hence the lever 
causes the section 13 to be rotated to a second angular 
setting determined by a second stop member. When in 
the second angular setting approximately circularly polar 
ised waves are transmitted. 
Although embodiments of the invention have been de 

scribed in which the horn has a throat of square cross 
section it will be understood that the throat may have 
other rectangular shapes. The criteria determining the 
dimensions of the horn are that the horn must permit 
the transmission therethrough of both waves fed into the 
throat of the horn and that one of the waves must be 
delayed by approximately nM/4 relatively to the other 
WaWe. 

We claim: 
1. An electromagnetic wave radiator for radiating ap 

proximately circularly polarised waves, comprising a horn 
of electrically conducting material and of rectangular 
cross section, and means for feeding into the throat of 
the horn in effect two orthogonal plane polarised waves 
of like wavelength X, the waves being polarised in di 
rections substantially parallel and perpendicular respec 
tively to one edge of the throat of the horn and of like 
phase, the throat and mouth of the horn being of differ 
ent rectangular shapes and the dimensions of the horn 
being related to N in such a manner that, in operation, 
one of the waves in travelling from the throat to the 
mouth of the horn is delayed by approximately nM/4 
relatively to the other wave where n is an odd integer 
the ratio of the height to the width dimension being con 
tinuously variable from the throat to the mouth of the 
horn. 

2. An electromagnetic wave radiator according to 
claim 1, wherein the throat of the horn is of square cross 
section and the smaller dimension of the mouth of the 
horn is equal to the length of one edge of the throat. 

3. An electromagnetic wave radiator according to 
claim 2, wherein the means for feeding the two plane 
polarised waves into the throat of the horn, comprise 
means to feed a plane polarised wave polarised at 45° 
to one edge of the throat into the throat, the last said 
wave being resolved into the two waves polarised sub 
stantially parallel and perpendicular respectively to one 
edge of the throat. 

4. An electromagnetic wave radiator according to 
claim 3, wherein the means for feeding into the throat 
of the horn the plane polarised wave polarised at 45° 
to one edge of the throat are adjustable to enable the 
plane of polarisation of the wave to be made parallel to 
one edge of the throat of the horn. 

5. An electromagnetic wave radiator according to 
claim 4, wherein the means for feeding into the throat 
of the horn a plane polarised wave polarised at 45° to 
one edge of the throat of the horn, comprises a wave 
guide of circular cross-section connected between the 
throat and a further waveguide of rectangular cross-sec 
tion, the two waveguides and the horn having a common 
ax.S. 

6. An electromagnetic wave radiator according to claim 
5, wherein the waveguide of rectangular cross-section is 
angularly adjustable about the said axis. 

7. An electromagnetic wave radiator according to claim 
5, wherein the waveguide of circular cross-section is 
angularly adjustable about the said axis and contains a 
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strip of dielectric material mounted with its plane in the 
longitudinal direction of the waveguide. 
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